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Abstract 
 
 The northernmost known boreal forest from the Late Pliocene epoch is 
located in Quttinirpaaq National Park, Nunavut, Canada (81.5°N). The Pliocene 
epoch has attracted significant attention as a proxy for global climate change 
predicted for the 21st century. Tree ring analysis, in combination with isotope 
analysis of plant tissue (cellulose), has been used to determine ancient climate 
conditions during the time that the trees grew. In this study, we examine the 
tree ring width and ring width distribution from three preserved tree trunks 
(Betula and Picea) from this Arctic Pliocene forest deposit (Ekblaw A). Further, 
we examine the purity of -hemicellulose extracted from these growth rings to 
detect the presence of metal oxides (FeO) in the extract using FTIR and 
SEM/EDX spectroscopy. The presence of FeO may compromise oxygen stable 
isotope analyses that are performed on -hemicellulose. 
  Results indicate that the trees from the Ekblaw A site grew slowly (mean 
ring width = 0.26 mm, range = 0.5mm–1.7mm). This growth rate is lower than 
those reported for other Arctic Pliocene sites. δ¹O values of -hemicellulose 
extracted from growth rings range from 11.48‰ VSMOW to 20.40‰ VSMOW. 
Some growth rings report δ¹O values that are lower than those reported from 
other Arctic sites (mean = 19.5‰ VSMOW, range = 16.0‰ VSMOW-24‰ 
VSMOW). Examination of -hemicellulose extracts indicates that no FeO is 
present in the samples and suggest that trees from the Ekblaw A site grew 
under different climate conditions than other Pliocene forests in the Arctic.  
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1. Introduction 
 
Earth’s climate has changed throughout history.  Temperature 
measurements over the last 130 years indicate that the planet is experiencing a 
rise in its average annual temperature with a predicted continued rise of 2-3 °C 
over the next 75 years (Pachauri et al., 2014). This increase is largely 
attributed to the growing concentration of greenhouse gases (GHGs), such as 
carbon dioxide (CO2), in the Earth’s atmosphere. Increased atmospheric GHG 
concentrations amplify Earth’s greenhouse effect, resulting in increased 
temperature on the Earth’s surface and the troposphere (Karl and Trenberth, 
2003). 
 According to the latest readings from the Mauna Loa Observatory in 
Hawaii, the current atmospheric CO2 concentration is 401.18 ppm (06 
December 2015).  The pre-Industrial Revolution CO2 concentration was 272 
ppm and corresponded with an average global temperature that was 0.85 °C 
lower than today (Holland and Bitz, 2003). However, the average temperature 
in the northern polar region has increased 2.97 °C over the same time due to 
so-called “polar amplification” that causes polar temperatures to increase at a 
rate up to 4.5 times faster than the global average (Holland and Bitz, 2003).  
 During the Pliocene epoch (2.6-5.3 Ma), global average temperature was 
2-3 °C warmer than at present and atmospheric CO2 levels fluctuated around 
400 ppm; values that are within the range of predicted conditions for the 21st 
century (Davis et al., 2010). If global temperature increases 2-3 °C in the next 
century due to the rising GHG concentrations, a surge in Arctic temperature of 
5 
 
up to 13.5 °C could be observed (Holland and Bitz, 2003). Predicted global 
average temperature and atmospheric CO2 concentrations are similar to those 
of the Pliocene epoch, and because of this, Pliocene deposits have been used as 
a proxy for conditions that might exist at the end of the 21st century (Csank et 
al., 2011).  
 While the distribution of Arctic landmasses during the Pliocene is similar 
to that of today (Knutz et al., 2015), the Pliocene Arctic ecosystem was much 
different. Average polar temperatures were 7-15 °C warmer than temperatures 
that immediately preceded the Industrial Revolution (Csank et al., 2011) and 
boreal forests extended to the Arctic Ocean.  Current treeline rarely extends 
north of the Arctic Circle (Fig. 1; Serreze et al., 2000).  
 
 
Figure 1. Present treeline and outline of the Arctic Circle. 
 
The remains of these Pliocene forests, as preserved in sedimentary deposits, 
have been the subject of studies that seek to determine a temperature range for 
the Pliocene Arctic using the ratios of the stable isotopes of oxygen in -
hemicellulose extracts from non-mineralized (mummified) wood. However, the 
use of stable isotopes from -hemicellulose extracts is subject to 
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misinterpretation due to the presence of metal oxides that selectively retain the 
heavier isotope and bias the reported results. 
We identified the northernmost fossilized forest deposit in North America 
(Fig 2). Herein, we examine tree trunk samples for growth characteristics and 
examine -hemicellulose from growth rings in these tree trunks to determine if 
the presence of metal oxides (FeO) may affect the oxygen isotope ratio of these 
trees and undermine their suitability for use in calculating temperatures in the 
Arctic during the Late Pliocene.  
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2. Methods  
 
Samples of a variety of exposed tree species were taken from a Pliocene 
deposit (hereafter referred to as Ekblaw A), located on Ellesmere Island, 
Canada, in Quttinirpaaq National Park (81°40΄N, 76°14΄W) on two separate 
expeditions to the area during the summers of 2009 and 2010. A shovel was 
used to unearth buried mummified wood. A handsaw was used to remove 
portions of the trunks and these samples were wrapped in black garbage bags 
and sent back to The Ohio State University with minimal exposure to light.  
 
Figure 2. Map of the northernmost tip of Nunavut, Canada. Ekblaw A collection site denoted 
by star symbol. 
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The mummified wood specimens were sub-sampled using a fine toothed 
saw to cut the wood into transverse disks, which were polished using fine 
grade sandpaper. Tree genus identification was determined by morphological 
characteristics and ring number and ring width was measured to a detection 
limit of 0.05 mm using a stereo microscope and micro ruler. In order to use the 
tree rings from the samples to calculate the minimum age of the trees, we had 
to make the assumption that the ring count was continuous (Hughes et al., 
1999).   
Extraction of -hemicellulos followed Loader et al. (1997). Select tree 
rings were sampled using a rotary scalpel attached to a drill until 0.30 – 0.35 
mg had been collected. In order to remove carbohydrates from the samples, the 
shavings were placed in beakers containing a solution as prescribed by Loader 
et al. (1997; see Table 1) and the beakers were placed in an ultrasonic bath at 
~70 °C under maximum power conditions for 4 hours. Acetic acid and sodium 
chlorite reagents were added to the beakers in the ultrasonic bath after every 
hour. The solution was then removed from the beakers by vacuum filtration 
and the shavings were washed in hot deionized water followed by cold 
deionized water. The shavings were then placed in a beaker with 10% (w/v) 
sodium hydroxide and returned to the ultrasonic bath, now at ~80 °C, for 45 
minutes. The samples were removed and washed again with sub room 
temperature deionized water and then placed in another beaker containing 
17% (w/v) sodium hydroxide. The third beaker was again placed in the 
ultrasonic bath for an additional 45 minutes, this time at room temperature. 
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The -hemicellulose was then removed from the sodium hydroxide solution by 
vacuum filtration and washed with 17% (w/v) sodium hydroxide and deionized 
water and then with 1% (w/v) hydrochloric acid. Lastly, cold deionized water 
was used to flush out all remaining reagents until the -hemicellulose was 
neutral. The -hemicellulose was then dried in a vacuum oven at 40 °C for 4 
hours. 
 
Table 1 
Reagent quantities per gram of shavings as described by Loader et al., (1997). 
Reagent Quantity of reagent 
Wood shavings 1.0 g 
Deionized water 175 ml 
Sodium chlorite (per addition) 2.5 g 
Acetic acid (per addition) 1.7 ml 
10% (w/v) sodium hydroxide 75 ml 
17% (w/v) sodium hydroxide 67 ml 
 
The extracted samples were analyzed at the Environment and Natural 
Resources Institute Stable Isotope Laboratory, University of Alaska Anchorage, 
for δ18O using a Thermo Finnigan TC/EA coupled with a Conflo III interface to 
a Thermo Finnigan Delta Plus XL mass spectrometer in continuous flow mode. 
Isotope values are reported relative to Vienna Standard Mean Ocean Water 
(VSMOW). 
The possible presence of iron oxides (FeO) in the extracts was evaluated 
for select samples that reported abnormal δ18O values using Fourier Transform 
Infrared (FTIR) spectroscopy and scanning electron microscopy coupled with 
energy dispersive X-ray spectroscopy (SEM/EDX). Two samples that displayed 
δ18O levels outside of the norm as described by Csank et al. (2011) were 
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examined for the presence of FeO and one sample that displayed “typical” levels 
was examined.  
To prepare for analysis by FTIR and SEM/EDX, the three chosen -
hemicellulose samples were ground into powder by mortar and pestle. First, a 
background spectrum was collected and converted to frequency data by inverse 
Fourier transform.  Small portions of the samples were then fixed in place by 
skews for measurement and scanned in transmission mode. A single-beam 
spectrum of each sample was taken and the background frequency datum was 
removed to produce a spectrum composed of only the sample.  
Following FTIR analysis, portions of the remaining -hemicellulose 
extracts were prepared for inspection by SEM/EDX. Small amounts of the 
samples were fixed to double stick, electrically conductive carbon tape and 
mounted to pegs. In order for the SEM/EDX to produce images, the -
hemicellulose was coated with an electrically conductive material (graphite). 
The pegs were placed inside of a sputter coater, a plasma chamber with low 
discharge capability, in order to cover the surface of the samples with a thin 
layer of metal (<10 nanometers). The pegs were placed inside the vacuum 
chamber of the SEM/EDX and images and EDX spectrums were taken, with 
focus on detection of FeO granules. 
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3. Results 
 
 3.1 Tree Ring Analysis  
 
 Three tree trunks were chosen for age determination, ring width 
measurements, and genus classification. Growth statistics for each of the tree 
trunks included a collective average width of 0.26 mm, a maximum thickness 
of 1.7 mm, and a minimum detection limit of 0.05 mm (Table 2).  
 
Table 2 
Growth statistics for 3 tree trunks from the Ekblaw A site. 
 09-6B 10-02 10-06 
Genus Betula Picea Betula 
Age* (yrs) >54 >104 >106 
Avg. ring width (mm) 0.42 0.21 0.12 
Range (mm) 0.1-1.7 0.05-1.5 0.05-0.6 
Standard deviation 0.247 0.192 0.135 
Mean sensitivity  0.489 0.254 0.121 
*Age counting began at innermost ring. Minimum age is presented because the tree rings at the 
outer edge of the trunk were spaced too closely to allow the differentiation of separate tree 
rings.  
 
 
Sample 09-6B exhibited 54 measurable rings (Fig. 3). The average growth 
rate is 0.43 mm/year and the ring width generally decreases toward the outer 
edges of the tree trunk. The peak growth rate occurs at ring 29 and shows a 
growth of 1.7 mm during that year. The minimum growth of the tree, 0.1 mm-
0.2 mm/year, occurs at four periods throughout this tree’s lifespan, at rings 6, 
21, 38, and 52 (Fig. 3).  
Sample 10-02 exhibited 104 measurable rings ranging in width from the 
minimum detection limit of 0.05 mm (rings 14, 23, 24, 50, 51, 98, 99) to 1.5 
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mm (ring 68; Fig. 4).  The average growth of each ring is 0.21 mm and there is 
a slight increase across the sample’s lifespan (Fig. 4).  
Sample 10-06 exhibited 106 measureable rings (Fig. 5).  The peak growth 
of 0.6 mm occurs at the 43rd tree ring. The minimum measureable growth rate 
of 0.05 mm occurs 28 times throughout its lifespan and the average ring width 
is 0.12 mm (Fig. 5) and the ring width generally decreases toward the outer 
edges of the tree trunk. 
 
 
Figure 3. Ring width measurements from sample 09-6B showing 54 years of growth. 
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Figure 4. Ring width measurements from sample 10-02 showing 97 years of growth. 
 
 
Figure 5. Ring width measurements from sample 10-06 showing 104 years of growth. 
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 Because of similarities displayed by the samples in terms of ring 
width (e.g. regions surrounding ring 29 in sample 09-6B, ring 68 in 
sample 10-02, and ring 43 in sample 10-06), a correlation matrix (Table 
3) was constructed to determine if the samples lived at the same point in 
time as indicated by similarities in growth. By centering the peak growth 
year of each sample and evaluating the bordering year (± 10 years; Fig. 6) 
we are able to show that the 3 sample trees did not share concurring 
lifespans. 
 
Table 3 
Correlation matrix of ring width measurements around peak growth year (±10yrs) 
  09-6B Ring Width 10-02 Ring Width 10-06 Ring Width 
09-6B Ring Width 1   
10-02 Ring Width 0.84 1  
10-06 Ring Width 0.81 0.72 1 
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Figure 6. Correlated graphs of the samples with peak growing year centered on the X-
axis. 
 
3.2 Stable Isotope Analysis  
 
 The -hemicellulose extracts from 09-6B produces δ18O values 
ranging from 11.48‰ to 15.31‰ VSMOW with an average of 14.33‰ 
VSMOW. There is a decrease in the δ18O value of the 12th tree ring.  
Sample 10-02 is shown to produce a range of δ18O values from 14.00‰ 
to 20.39‰ VSMOW with an average of 18.15‰ VSMOW. Sample 10-06 
is shown to produce δ18O values ranging from 13.01‰ to 17.26‰ 
VSMOW, with an average of 14.93‰ VSMOW (Fig. 7).  
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Figure 7. δ18O values of α-hemicellulose extracts from samples 10-02, 10-06, and 09-
6B. Generally, δ18O values within a single sample are clustered. The range of typical  
δ18O values found in high altitude trees from the Pliocene epoch, as described by Csank 
et al. (2011), is bounded by the thick black lines located at 16.00‰ and 24.00‰ 
VSMOW, and the mode value of 19.50‰ VSMOW is indicated by the thin grey line.   
 
 
 3.3 FTIR Analysis 
 
 Figures 8, 9, and 10 show the FTIR spectra of the three -
hemicellulose samples from select rings: ring 10 from sample 09-6B, ring 
49 from sample 10-02, and hemicellulose from recovered from ring 13-39 
of sample 10-06. Transmission peaks are found in similar locations 
consistently across the samples. Peaks with a value of 3333 cmˉ¹ - 3341 
cmˉ¹ describe stretching of –OH groups. Peaks with a value of 2896 cmˉ¹ 
- 2899 cmˉ¹ show C-H stretching. Aliphatic esters in the -hemicellulose 
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are seen at peaks with values of 1739 cmˉ¹ - 1746 cmˉ¹.  The peaks with 
a wavelength of 1643 cmˉ¹ - 1652 cmˉ¹ are the result of olefinic C=C 
stretching vibrations. The small peaks at 1427 cmˉ¹ and 1428 cmˉ¹ 
conform to the aromatic C=C stretch vibrations within bound lignin. The 
peaks along the regions that indicate a wavelength of 1023 cmˉ¹ - 1030 
cmˉ¹ represent C-O stretching and deformation bands in the -
hemicellulose. Finally, the small peaks at 583 cmˉ¹ - 607 cmˉ¹ are 
ascribed to Si-O-Si stretching in silica (Khandanlou et al., 2013). The 
absence of an absorption peak at 535 cmˉ¹ - 542 cmˉ¹ indicates that FeO 
is not present in any sample, regardless of determined δ18O value. 
 
Figure 8. FTIR spectra of sample 09-6B, ring 10. 
 
05001000150020002500300035004000
Tr
an
sm
itt
an
ce
 (a
.u
.)
Wavelength (cmˉ¹)
09-6B 
3341
2897
1739
1643
1427
1030
607540
18 
 
 
Figure 9. FTIR spectra of sample 10-02, ring 49. 
 
 
Figure 10. FTIR spectra of sample 10-06, rings 13-39. 
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3.4 SEM/EDX Analysis 
 
 Samples 09-6B, 10-02, and 10-06 underwent further testing for 
trace elements by SEM/EDX spectroscopy.  The results of these tests 
show insignificant amounts of any trace metal oxides and confirm the 
results of FTIR spectrometry and suggest that there is no difference 
between the compositions of the samples determined to have abnormal 
δ18O values and that of the sample determined to be typical.  
 Figures 11, 12, and 13 show the SEM images for the 3 samples of 
mummified wood at locations where the technician identified potential 
FeO contamination. 
 
Figure 11. SEM micrograph of sample 09-6B, ring 10. Lighter gray granules were 
identified as possible FeO contamination. 
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Figure 12. SEM micrograph of sample 10-02, ring 43. Bright white granules were 
identified as possible FeO contamination. 
 
 
Figure 13. SEM micrograph of sample 10-06, rings 13-39. Light grey granule was 
identified as possible FeO contamination. 
 
EDX analysis of the potential FeO contamination among the samples 
resulted in determination that suspected granules were not ferrous metal 
oxides, but rather silica, aluminum, and salt (Fig. 14, 15, and 16). 
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09-6B 
 
Figure 14. EDX analysis of sample 09-6B, ring 10, showing putative FeO 
contamination to be silica. Location of expected Fe spike marked. 
10-02 
 
Figure 15. EDX analysis of sample 10-02, ring 43, showing putative FeO contamination 
to be aluminum. Location of expected Fe spike marked. 
10-06 
 
Figure 16. EDX analysis of sample 10-06, rings 13-39, showing putative FeO 
contamination to be salt.  
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4. Discussion 
     
Two genera of trees were examined during this study. Two samples 
were Betula (birch; samples 09-6B and 10-06) and a third sample was 
Picea (spruce; sample 10-02).  The average tree ring width for all 3 
samples is 0.26 mm (Table 2). This is smaller than the width of other 
Pliocene forest deposits from the high Arctic reported by Ballantyne et al. 
(2006) for Larix (Larch) (0.47 mm, n=3) from Beaver Pond, Ellesmere 
Island (Fig. 2), and by Csank et al. (2011) for larch (0.39 mm, n=4) from 
Strathcona Fiord, Ellesmere Island (Fig. 2). 
Temperature has been identified as the most influential factor 
affecting tree growth in boreal forests (Briffa, 2000), with warmer 
temperatures corresponding to higher growth rate. As such, thin rings 
represent a relatively cold growing season whereas thick rings represent 
a relatively warmer growing season. Other factors such as availability of 
water and nutrients, predation, irradiance, and age can also affect tree 
ring width (Creber, 1977) but to a lesser extent than temperature.  
Therefore, the large difference in ring width between the two birch 
samples may be attributed to warmer growing conditions during the time 
that 09-6B was alive and relatively cooler growing conditions for 10-06, 
assuming that other factors are equal. The validity of this assumption 
may be questioned. None of the tree samples were in growth position 
when collected and may have been transported prior to deposition 
(Barker, pers. comm.). As such, we cannot rule out the possibility that 
microclimatological conditions (e.g. water and nutrient availability) 
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differed among locations where each sampled tree grew and that these 
factors in combination with regional temperature may have influenced 
growth rate. However, birch, as a genus, has a relatively narrow 
ecological tolerance, preferring well-drained acidic soil (Smolander and 
Kitunen, 2001). This narrow tolerance will regulate variance in 
microclimatological conditions in favor of well drained acidic soils and 
the nutrient conditions associated with this growing environment. 
Therefore, we consider that variance in tree ring width between birch 
samples is due, primarily, to changes in growing season temperature and 
that our assumption is valid.  
Reed and Harms (1956) showed that there was little difference in 
the growth rates of Arctic birch compared to Arctic spruce trees.  
Therefore, similar average growth rates of sample 10-02 (mean = 0.21 
mm) and sample 10-06 (mean = 0.12 mm) suggests that temperature 
may have been similar during the lifespan of both trees. The correlation 
matrix (Fig. 6) centered each samples peak growth year and bound them 
by 10 years in each direction. The years surrounding the widest growth 
rings do not correlate across any of the samples, showing that although 
10-02 and 10-06 lived under the influence of similar environmental 
conditions, none of the trees grew at the same time.    
The age for each sample was determined by counting the number 
for growth rings. In each sample, the tree rings grew too close together 
near the outer edge to allow us to count the rings. Thus results are 
reported as a minimum age. The spruce has a minimum age of 102 
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years.  The minimum ages of the birch samples are 54 years (sample 09-
6B; Table 2) and 106  years (sample 10-06; Table 2). Sample 09-6B has 
wider tree rings (mean = 0.42 mm) than sample 10-06 (mean = 0.12 
mm).  The wider tree rings in sample 09-6B suggests better growing 
conditions then sample 10-06. While the absence of a correlation 
between growth pattern between the birch samples suggests that they 
grew at different times (Fig. 6), the wider annual growth rings in sample 
09-6B indicated that it grew under warmer conditions than sample 10-
06. 
Csank et al. (2011) reported δ¹0 levels of -hemicellulose of 
Pliocene Arctic larch to have a range of 16‰ - 24‰ VSMOW and a mean 
of 19.5‰ VSMOW (Fig. 7). The -hemicellulose extracts from our two 
birch samples both display oxygen isotope values that have a lower mean 
(09-6B mean = 14.32‰ VSMOW, 10-06 mean = 14.94‰ VSMOW; Fig. 
7). All analyzed tree rings from sample 09-6B are below the minimum 
expected δ¹0 value predicted by Csank et al. (2011; Fig. 7) and in sample 
10-06, all but one (pith = 17.26‰ VSMOW; Fig. 7) are below, as well. 
Analyzed tree rings from the spruce (mean = 18.43‰ VSMOW) displays 
levels within the range determined typical by Csank et al. (2011) except 
one (pith = 14.00‰ VSMOW). There is no significant difference in oxygen 
fractionation among tree species (Battapaglia et al., 2009) so differences 
in O values among trees result from changes in growing season 
temperature, as derived from the equation  
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T = 1.9819 × (δ18Ocellulose (-17- δ18Osw)) - 33.1484 + 2.2333 × RW 
 
where: T is mean annual temperature (MAT (°C)), δ18Ocellulose is the 
isotopic value of tree ring cellulose relative to VSMOW, δ18Osw is the 
isotopic value of the local source water at the site where the tree ring 
samples were collected, 1.9819, -33.1484, and 2.2333 are constants, and 
RW is the average ring width of the sample (Csank et al., 2011).  The 
presence of metal oxides as a contaminant in the -hemicellulose extract 
may also result in lower O values. While the isotopic value of oxygen in 
the cellulose of tree rings is dependent on the isotopic composition of the 
water used by the tree during cellulose synthesis, which in turn in 
influenced by atmospheric temperature due to Rayleigh distillation 
effects on precipitation, in regions where the soil is rich in metal oxides, 
soil water can become enriched in dissolved metals that oxidize during -
hemicellulose extraction and result in abnormally low 𝛿𝛿18O values 
(Richter et al., 2008). 
To determine if FeO contamination is the source of the low 𝛿𝛿18O 
values seen in sample 09-6B and 10-06, -hemicellulose extracts were 
analyzed by FTIR spectrometry. -hemicellulose from ample 10-02 
(spruce) displayed an O value that fell within the range of those reported 
by Csank et al. (2011) and was used as a comparison against the birch 
samples that displayed O values that fell outside of the range reported by 
Csank et al. (2011). Any presence of FeO in the -hemicellulose extracts 
would result in increased transmission at 535-542 cmˉ¹ (Saikia and 
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Parthasarathy, 2010) due to stretching of the Fe-O caused by the 
vibrations of the bond due to infrared radiation absorbance. The FTIR 
spectra for the samples are similar and composed of peaks associated 
with stretching vibrations. The vibrations are caused by the effect of the 
oscillating electric field of the radiation on the polar bonds within the -
hemicellulose, specifically those of the –OH groups, olefinic and aromatic 
C=C bonds, and C-H bonds. As stated earlier, stretching within FeO 
molecules, if present, would produce a spike between 535 cmˉ¹ - 542 
cmˉ¹. A definitive spike in this region is not seen in any of the spectra 
collected. However, the region surrounding 535 cmˉ¹ - 542 cmˉ¹ is near 
several other broad peaks (at 583 cmˉ¹ - 607cmˉ¹; Fig. 8-10) associated 
with Si-O-Si stretching and so the possibility that these broader peaks 
are masking a FeO spike cannot be ruled out. To reconcile this 
possibility, we analyzed each sample by SEM/EDX to detect if any FeO is 
present.  
The images produced by the SEM (Figs. 11-13) show bundles of 
fibrous hemicellulos with small, reflective particles indicating a 
contaminant. However, these trace amounts of impurities, when 
analyzed by EDX, (Figs. 14-15) are shown not to be FeO but salts or 
silica that are most likely the result of the -hemicellulose extraction 
procedure. These EDX images, in conjunction with the nearly universal 
resemblance amongst the FTIR spectra, suggest that FeO is absent in the 
samples and that lower δ18O values in the -hemicellulose extracts in 
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sample 09-6B and 10-06 result from the composition of the source water 
when each tree was growing. 
After ruling out FeO contamination, the low 𝛿𝛿18O values displayed 
by sample 09-6B and 10-06 are thought to be the result of climate rather 
than the presence of FeO. These results expand on the range of O values 
currently cited for -hemicellulose from fossil forest deposits in the Arctic 
by Csank et al. (2011), of 16‰ - 24‰ VSMOW. Other studies have 
shown a correlation between 𝛿𝛿18O values of tree rings and mean annual 
temperature, specifically that higher 𝛿𝛿18O values are the result of warmer 
growing seasons (McCarroll and Loader, 2004, Saurer et al., 2008, and 
Sidorova et al., 2009). The low values therefore suggest that Pliocene 
temperature at the deposit from which these samples were gathered was 
lower than the deposit from which Csank et al. (2011) gathered their 
samples. Inputting our data into the formula developed by Csank et al. 
(2011) supports this. In this equation we use the constants derived by 
Csank et al. (2011) and their value for source water oxygen isotope levels 
along with our results from oxygen isotope analysis and ring width 
measurements of sample 09-6B at ring 12, which represents the year 
with the lowest δ18O value recorded in our study (Fig. 3; Fig. 7). 
 
T = 1.9819 × (-11.48 + (- 17 - (- 16.3))) - 33.1484 + 2.2333 × .42 
 
This equation produces a MAT for our deposit of -10.82 °C. This result is 
lower than the range of MAT values reconstructed by Csank et al. (2011) 
28 
 
of -1.4±4.0°C. The lower temperature of our deposit suggests that these 
trees grew at higher altitudes or at a time during the Pliocene when Artic 
temperature was colder.  
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5. Conclusion and Suggestions for Future Works 
 
FeO contamination was not detected in the -hemicellulose 
extracts from birch and spruce trees at the Ekblaw A site. As such the -
hemicellulose extracts are sufficiently clean and FeO contamination is 
not the cause of anomylously low oxygen isotope values and thus useful 
for calculations of Pliocene temperature at the Ekblaw A site. These lower 
values indicate a MAT that is ~10 °C colder than MAT reported for 
Pliocene sites at more southerly Arctic locations. This indicates either a 
steep latitudinal gradient in MAT, if the Ekblaw A trees coexisted with 
Csank et al. (2011), or, more likely, that the Ekblaw A trees existed 
during a time in the Pliocene when MAT was cooling, perhaps in the Late 
Pliocene during the transition into the current Arctic “ice house” 
conditions.  
It is important to acknowledge that these results are based on 
results determined by only three fossil tree trunks. These results could 
be untypical and suggest that more sampling is necessary before an 
extension of the typical δ18O range of Pliocene Arctic trees can be made. 
The addition of more samples may also make it possible to cross date 
trees from this site which would enable us to assess whether missing 
rings occur in wood from Ellesmere Island and provide a more accurate 
timeline for the lifespan of these trees. 
  Further temperature determination of these samples would be 
beneficial in bolstering the results of this study. Mean annual 
temperature could be derived across the lifespan of the tree by using the 
30 
 
methods of Csank et al. (2011) and, with the inclusion of more 
specimens, a stronger case could be made to extend the temperature 
range of the Pliocene Arctic. Also, testing of the hemicellulose for carbon 
isotopes can be used, by following methods outlined by Csank et al. 
(2011), to determine the temperature of the growing season (June to 
July) and also to derive relative humidity. These calculations could give 
further insight into the environmental changes that can be expected in 
the Arctic over the next century.  
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